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Abstract. This is the first outdoor test of small-scale dye sensitized solar cells (DSC) powering a stand-
alone nanosensor node. A solar cell test station (SCTS) has been developed using standard DSC to power a 
gas nanosensor, a radio transmitter, and the control electronics (CE) for battery charging. The station is 
remotely monitored through wired (Ethernet cable) or wireless connection (radio transmitter) in order to 
evaluate in real time the performance of the solar cells and devices under different weather conditions. The 
408 cm
2
 active surface module produces enough energy to power a gas nanosensor and a radio transmitter 
during the day and part of the night. Also, by using a programmable load we keep the system working on the 
maximum power point (MPP) quantifying the total energy generated and stored in a battery. These 
experiments provide useful data for future outdoor applications such as nanosensor networks. 
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1. Introduction  
The world is facing the challenge of finding clean and renewable sources of energy without the 
secondary effects of pollution, climate change and global warming. Solar power offers an excellent solution 
to this problem as it provides an inexhaustible and generous source of energy, has zero carbon emissions, and 
is silent and almost maintenance free. The first and second generation of solar cells have been studied and 
developed widely during the past decades, but the cost/benefit is still high in comparison with conventional 
energy sources. This work focuses on the outdoor performance of organic DSC discovered by O’Regan and 
Gratzel [1] in 1991; as well as the capability of powering stand-alone nanosensor nodes. The results obtained 
from this experiment are very important as they reveal the state of the art in DSC technology which promises 
an inexpensive and environmentally friendly manufacturing process. The results will also show practical 
applications and future research direction. This work is the foundation of our future solar powered 
nanosensor network to track the concentration of polluted gases involved in the global warming effect. 
 
2. Experimental 
2.1. Solar Cell Test Station (SCTS) 
The SCTS has three main components: (1) dye sensitized solar cells and pyranometer (device that 
measures sun irradiance); (2) control electronics (CE) for battery charging and load powering; (3) data 
storage and transmission. The solar cells are installed on a frame and connected to the CE and recording 
equipment (Datalogger) to store and transmit data to analyze relevant information. The CE takes the energy 
from the solar cells, powers the load and charges the battery simultaneously. The Datalogger is continuously 
taking information from the SCTS and transmitting this to the base computer. A schematic diagram of the 
SCTS is depicted in Figure 1. 
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 Figure 1 SCTS general electronic diagram. 
2.2. Solar Cells 
A set of four standard DSC [2] (102cm
2
 X 4 active surface) were attached to the SCTS (Figure 1). The 
prototype was installed on the roof of a building with the cells facing north tilted at Brisbane’s city latitude 
(27° 28', south) for optimal performance. Each block provides an average of 4.3V (Voc), 130mA (Isc), 0.5 
(FF), 294mW (Pmax), and 3% efficiency under an intensity of 1.0 Sun and 1.5 air mass (AM). Two series of 
tiles are connected in parallel to one another (Figure 1) to match load requirements (3.5-6V, 0.1-0.5A). The 
final 408 cm
2
 active surface array was tested under 1.1 Sun and the same laboratory conditions producing the 
following values: 0.478 (FF), 3.11% efficiency, 8.93V (Voc), 336 mA (Isc), 1434 mW (Pmax), 5.5V (Vmp), 263 
mA (Imp). The measured IV curves are shown in Figure 2.  
 
Figure 2 DSC array - IV of 2 parallel strings of 2 series tile-tile 
2.3. Control Electronics, Battery Charging and Load Powering 
The CE was designed and installed in the SCTS to manage the energy provided by the photovoltaic (PV) 
module during sunlight hours in order to: (1) supply power (3.5V-6Vmax, 500mA max) to the load (refer 
section 3.4) using the PV array and/or the battery as source of energy to sustain the system voltage when it is 
required; and (2) to recharge a standard lithium battery (3.7V, 1200 mAh). At first instance, the CE works as 
a DC/DC regulator since the power from the PV is unstable (0-9V, 0-336mA) due to the weather conditions. 
Then it selects the suitable power source automatically by switching electronic transistors. If the system 
experiences a drop in voltage due to PV energy shortage, the CE reduces the charging current to the battery 
or selects the battery as a main source. When energy is available, the battery is charged with a constant 
current (CC) until its voltage rises to the pre-set voltage (i.e., 4.2V). Afterwards, a constant voltage (CV) is 
held until the charging current tapers down to zero meaning that the battery is 100% fully charged.  
In further stages, the project will use Semiconductor Metal Oxide (SMO) nanowires such as SnO2 and 
ZnO2 [3] to measure the gas concentration. At this phase, the resistance of the nanosensor is simulated using 
variable resistors that can vary from a few kilo ohms to giga ohms (depending on gas concentration) and 
these values are measured with an innovated Sensor Board Interface (SBI) proposed by A. Depari [4]. Also, 
these kinds of sensors respond better at high temperature so a heating system is required to keep the sensor 
surface at 400⁰C during measurement. 
2.4. Data Storage and Transmission 
Since the SCTS will be installed in remote areas to create nanosensor networks, a transmission system 
was created to transfer important data such as the CE status and the sensor response. A couple of radio 
transmitters (Fleck™) [6] are used for this purpose, one connected to the base computer via USB port and 
the other one to the Datalogger via serial port. The transmitter on the SCTS is powered by the CE and 
regulated at 3.5V (Figure 3). 
 
Figure 3 (1) base transmitter, (2) SCTS transmitter, (3) Datalogger and (4) web interface. 
A Datalogger is used to record voltage, current, temperature, and solar irradiance continuously from the 
SCTS, and from these readings important parameters such as PV efficiency and output power are calculated 
in real time. Also, the SCTS is connected to the Local Area Network (LAN) through an Ethernet cable for 
online monitoring and data processing. The Datalogger is equipped with a web interface (Figure 3), allowing 
any authorized user to check, download data, run or modify a new program via the internet. For testing 
purposes, the data stored in the Datalogger is also transmitted to the base computer using the radio 
transmitters. These are programmed to transmit the data at fixed intervals of time; this experiment aims to 
evaluate the amount of energy required in each data transmission in order to estimate the maximum 
transmission frequency for the future nanosensor network. 
 
3. Results and Discussions 
3.1. Battery Charge And Discharge Time, Energy and Efficiency 
The first experiment carried out was to charge a standard lithium battery (3.7V, 1200mAh) using the PV 
energy during the day and to discharge it at night through a resistor. The time span for this experiment was 
one month, under different weather conditions. The battery started to charge soon after sunrise between 
6:30am and 7:30am (winter time) taking an average of 7:15h to achieve full charge. The fastest charge time 
recorded was 6:15h on a sunny day, and the longest was 8:30h on a cloudy day. After sunset, the battery 
started to unload through a fixed resistor producing an average current of 220 mA at 3.7V (0.2 discharge 
rate). The average time required to completely exhaust the battery was 4:50h. In terms of energy, the mean 
power collected by the battery during the charge process was 15KJ. After draining completely, the battery 
energy obtained was 13KJ.  The previous values showed that the general efficiency of the CE and battery is 
equal to 88%, higher than average standard systems available on the market [5] which run at around 70% 
efficiency. 
 
In a second experiment, a resistor which matched the internal resistance of the PV was connected to the 
CE output in order to quantify the maximum energy output of the DSC array. To maintain the system at MPP, 
the battery in conjunction with the resistor had to work as a dynamic load. When the system detects that the 
battery is almost charged, the resistor is activated to (1) dissipate the energy supplied from the PV and to (2) 
discharge the battery simultaneously. Just before the battery is completely discharged, the system deactivates 
the load and the CE starts to charge the battery again. The program repeats the same cycle over and over. In 
general, the PV array produces an average of 17.5 KJ in sunny days and 10KJ in cloudy days. 
3.2. Data Transmission 
Transmission tests were performed by using a couple of Fleck™ radio transmitters [6]. The tests were 
carried out by connecting one transmitter to the SCTS, and the other one to the base computer, 300m away. 
The first step was to establish a connection between the two devices; this process took about 100 seconds 
using an average power of 122mW. Soon after that, the transmission of 15kb data required almost 4min and 
an average power of 126mW. Then, the transmitters entered the idle mode (Figure 4). 
 
Figure 4 Behaviour of current and voltage vs transmission time of the radio transmitter in the SCTS.  
3.3. Control Electronics and Load 
The main goal of the CE is to power the load making best use of the energy available. For example, on a 
sunny day the behaviour of the system is as follows: the PV array does not have enough energy to hold the 
load in the early morning and late afternoon, so the battery is partially or totally assisting the load to avoid 
the system voltage drop (Figure 5). The battery assisted the load first at about 7:30; then, the support current 
decreased smoothly until zero just before 11:00 when the battery started to receive charging current from the 
PV array until about 14:00. After that, the battery partially supported the load again. 
 
Figure 5 PV array, CE output and lithium battery powering a load during one day operation. 
3.4. Throughput 
The maximum throughput of the SCTS depends on weather conditions and load requirements. For 
practical reasons in this work, we use two possible weather states, (1) sunny and (2) cloudy. The load has 
three main parts: (1) data transmission; (2) heating system and (3) SBI. According to previous experiment, 
the PV array produces an average energy of 17.5KJ on sunny days and 10KJ on cloudy days. The total 
energy required to transmit 15kb data, heat the gas sensor for at least 13 min (factory specifications) and 
determine the gas concentration is 819J. The battery requires 15KJ to be fully charged. As a result, the 
maximum number of measurement and transmissions during day light is 21 on a sunny day, and 12 on a 
cloudy day. If night activity is required, the frequency is reduced to 20 and 11, respectively (Table 1). 
Table 1 Maximum throughput of the SCTS under different weather conditions. 
Transmissions & Measurements Day 
Battery charge at the 
end of the day% Night Total 
Sunny day 21 0 0 21 
Cloudy day 12 0 0 12 
Sunny day 12 51% 8 20 
Cloudy day 6 35% 5 11 
4. Conclusion 
This work reports on the field performance of DSC modules powering the first prototype of a nanosensor 
node and demonstrates that 408cm
2 
DSC active surfaces produce enough energy to power a remote sensor 
station. The results of this work constitute the base for future gas nanosensor networks. Further tests 
concerning solar cell performance loss with sun irradiation are underway. 
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